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Specifications 

].. Title of the Invention 

An Apparatus for Manufacturing A Silicon Film 
2. Claim 

(1) An apparatus for manufacturing a silicon film formed by plasma 
chemical gaseous phase accumulation method, comprising a loading 
chamber, a film formation chamber, an unloading chamber, the above 
apparatus being characterized in that the above unloading chamber is 
equipped with a laser radiation cylinder that polycrystallizes an 
amorphous silicon film after film formation and a stage that moves the 
position of above laser radiation cylinder. 
2|- Detailed Description of the Invention 
[Field of the Invention] 

The present invention relates to an apparatus for manufacturing a 
silicon film to be employed in manufacturing of transistor array such as 
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liquid crystal display unit and so on. 
[Prior Art] 

A slass substrate where manv transistor arravs are formed to 
control optical characteristics of each pixel in a liquid crystal display 
unit (hereinafter referred to as LCD). In general, an amorphous silicon 
film is used in this transistor array, but along with the trend toward low 
price and compact size of an LCD panel, there has been a demand for a 
technology where liquid crystal drive circuits are also formed on one 
and single glass substrate. As a method to cope with this demand, used 
is a polycrystailine silicon film having higher electric mobility than an 
amorphous silicon. In order to form a polycrystailine silicon 
film,conventionally,for example, used is a method for polycrystallizing 
an amorphous silicon film by an anneal apparatus after forming 
amorphous silicon by reduced pressure CVD method using resistance 
heating method or plasma CVD apparatus. 
[Problems to be Solved by the Invention] 

In the formation of a polycrystailine silicon film by reduced 
pressure CVD method using resistance heating method, it is difficult to 
form uniform films on a large substrate in comparison with the 
formation of an amorphous silicon film by plasma CVD method. For 
instance, in the case of amorphous silicon, it is easy to form films on a 
50-cm square large substrate with film thickness error below ±10%, 
however, it is difficult to do so by reduced pressure CVD method. 
Moreover, after the formation of an amorphous silicon film, for example, 
rlie method for polycrystallizing an amorphous silicon film by an anneal 
apparatus using laser has been another problem that because of an 
extra process for annealing, the treatment capacity of polycrystailine 
film formation process will deteriorate. 

Thus, the conventional apparatuses for manufacturing 
polycrystailine silicon films have had problems of substrate size to be 
larger or treatment capacity and there is a requirement for an 
innovative apparatus which enables to solve the problems. 

The object of present invention is to offer an apparatus 
manufacturing a silicon film which has solved the above problems. 
[Difference from the Prior Art] 

The present invention has a difference from the conventional 
apparatuses for forming a silicon film mentioned in above 
process, wherein partial annealing onto an amorphous silicon film that is 
formed by plasma CVD method by which film formation to large size 
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substrates can be made easily and converting into polycrystalline silicon 
is carried out in one and single apparatus. 
[Means to Solve the Problems] 

So as to achieve the above object, the present invention may be 
embodied as an apparatus for manufacturing a silicon film, comprising a 
loading chamber, a film formation chamber, an unloading chamber, 
wherein a silicon film is formed by plasma chemical gaseous phase 
accumulation method, the above apparatus equipped a laser radiation 
cylinder which polycrystallizes an amorphous silicon film after film 
formation and a stage that moves the above laser radiation cylinder in 
the above unloading chamber. 
[Action] 

It is well known that when laser beam is radiated onto an 
amorphous silicon film, particle growth occurs and converts into 
polycrystalline silicon. Since a drive circuit is arranged in general around 
LCD panel, a laser radiation area may be limited around the panel, it is 
possible to complete laser radiation process within returning vacuum 
condition to atmospheric pressure in unloading chamber and taking out 
the substrate. Therefore, it is possible to carry out polycrystallization 
process onto necessary area in the same time as the process to form an 
amorphous silicon film. 
'[Description of Preferred Embodiments] 

The present invention is explained in details hereinafter, in 
reference to the attached drawings. 
(Preferred Embodiment 1) 

FIG.l is a schematic diagram showing a structure of one preferred 
embodiment according to the present invention. In the diagram, this 
apparatus according to the present invention comprises three chambers, 
i.e., a loading chamber 1, a film formation chamber 2, an unloading 
chamber 3. As shown in FIG.l, the apparatus having many control 
mechanisms to carry out a series of processes which form film by 
plasma CVD after inserting the substrate in loading chamber 1 and take 
out the substrate after the radiation of laser in unloading chamber 3,has 
an exhaust control mechanism 4, a transfer control mechanism 5, a gas 
control mechanism 6, a high frequency electricity control mechanism 7, 
a substrate heating control mechanism 8, a stage control mechanism 9, 
and a laser radiation control mechanism 10. Among these, the control 
mechanism 4 through 8 are ones arranged in an ordinary plasma CVD 
apparatus and the characteristics peculiar to the present invention lies 
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in the structure of the unloading chamber 3. 

In this preferred embodiment, explanations are made in the case of 
a method wherein a substrate is put horizontal and film formation and 
transfer are carried out (hereinafter referred to as horizontal transfer 
method). FIG. 2 is a sectional diagram showing the unloading chamber 3 
viewed from the vertical direction toward the transfer direction. A laser 
radiation cylinder 14 is arranged at the top of a glass substrate 12 
placed on a tray 1 1 and laser beam is radiated from the laser radiation 
cylinder 14 to the surface of the glass substrate 12. Laser which 
wavelength is absorbed in an amorphous silicon film is used and in 
general argon (Ar) laser is used. In this preferred embodiment, Ar laser 
is employed too and laser beam from a laser oscillating tube is guided to 
the laser radiation cylinder 14 by fiber. In the laser radiation cylinder 
14, an optical system that converts the laser beam shape into rectangle 
is equipped and this preferred embodiment employ a linear beam of 
1mm x 70p.ro, as a beam shape. The laser radiation cylinder 14 is fixed 
to a stage 13 and laser radiation position is changed by moving the stage 
13 in horizontal direction. 

By use of an apparatus as mentioned above, silicon film was 
formed. As the glass substrate 12, a non alkali glass of size 300 nun x 
;300 mm, thickness 1.1 mm (trade name: Coning 7059) was used and 
:tour glass substrates were placed onto the tray 11. The glass substrates 
12 were sent to the loading chamber 1 and the chamber was exhausted 
vacuum around 10-3 Pa and then hydrogen gas was introduced therein 
and the substrates were heated up to around 200°C. In the next place, 
Ihe substrates were sent into the film formation chamber 2 and 100% 
itilan (SiEU) gas and hydrogen gas were induced into the film formation 
chamber 2 and high frequency electricity at 13.56 MHz was impressed 
thereon, thereby amorphous silicon films were accumulated onto glass 
substrates around 3000A. As for accumulation conditions, the flow rates 
of silan and hydrogen were 800 cc/min and the pressure was 100 Pa. 
Mter accumulation of amorphous silicon films, substrates were sent into 
the unloading chamber 3 and returning the chamber condition into 
atmospheric condition by nitrogen gas, laser was radiated onto part of 
zjnorphous silicon film on glass substrate. FIG. 4 is a diagram showing 
the position and shape of the laser radiation area. Ax laser beam was 
moved at 10 cm/sec in the direction X-X' and direction Y-Y' by the stage 
13, and laser radiation area 20 of length 20 cm, width 0.9 cm was 
formed at three portions around the glass substrate 12. As laser 
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radiacioa conditions, such laser power as to make a status just before 
melting of amorphous silicon film 19 was used. It took about 15 minutes 
to form the laser radiation area as shown in FIG. 4 to four glass 
substrates 12, but this time was shorter than the time required to 
accumulate amorphous silicon film in the film formation chamber 2, so 
inline feed time was as same as the case with no laser radiation. As a 
result of microscope observation on the laser radiation area 20. it was 
confirmed that amorphous silicon had grown into polycrystalline silicon 
which particle diameter is around 0.4jim. Moreover, the factor of film 
thickness of amorphous silicon was as preferable as below ±5% against 
four substrates. 

In this preferred embodiment, Ar laser was employed, but it is 
possible to polycrystallize amorphous silicon film by use of Nd:YAG laser, 
for example, and the laser is not limited only to Ar laser. As a chamber 
structure, the simplest 3-chamber structure was used in the 
embodiment, however, it is needless to say that the present invention is 
effective even if a 3-chamber film formation chamber is used. 
(Preferred Embodiment 2) 

In this preferred embodiment, explanations are made with the case 
where substrate is placed vertical and film formation and transfer are 
carried out (hereinafter referred to as vertical transfer method). The 
structure of components is same as that shown in FIG.l, but this is a 
vertical transfer method, it is possible to carry out film formation and 
laser radiation arranging two trays which have glass substrates 17 in 
parallel. 

The structure of the unloading chamber 3 is shown in FIG. 3. FIG. 3 is 
a plane diagram looked above the chamber, where a laser radiation 
cylinder 15 and a stage 18 are arranged at two portions in the chamber. 
As same as the Preferred Embodiment 1, the laser radiation cylinder 15 
is fixed onto the stage 18 and the laser radiation position is changed by 
moving the stage in the horizontal direction and vertical direction. 

In this preferred embodiment, four glass substrates were placed on 
each tray and under the same conditions as the Preferred Embodiment 
1, amorphous silicon film was accumulated. Then, under the same laser 
radiation conditions as the Preferred Embodiment 1, laser radiation was 
carried out from both sides in the chamber at the same time, as a result, 
the process was completed in around 15 minutes. The factor of film 
thickness of amorphous silicon was as preferable as within ±6% against 
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ijight glass substrates aad amorphous silicon grew into around 0.4^im 
polycrystal in the laser radiated area . 
[Effect of the Invention] 

As mentioned heretofore, according to the present invention, 
pvherein plasma CVD that enables uniform film formation onto large size 
substrates is used, and a laser radiation mechanism is introduced in an 
unloading chamber for polycrystallization, thereby it is possible to 
provide an innovative apparatus for manufacturing a silicon film that 
enables to complete polycrystallization process without declining the 
processing capacity in comparison with the formation of amorphous 
:;ilicon film. 

According to an apparatus under the present invention, it is 
possible to form a silicon film with high throughput enabling liquid 
crystal drive circuit on glass substrate, as a consequence, the present 
invention has many effects preferable for the low price and compact 
manufacturing of LCD panels. 
«jk Brief Description of the Drawings 

FIG.l to FIG.4 are schematic diagrams to explain the preferred 
embodiments according to the present invention and FIG.l is a diagram 
showing a structure of an apparatus, FIG. 2 is a sectional diagram 
showing a structure of an unloading chamber in horizontal transfer 
method, FIG, 3 is a plane figure showing a structure of an unloading 
chamber in vertical transfer method and FIG.4 is a plane figure of a tray 
showing the position and shape of laser radiation area. 
L Loading chamber 
2 Film formation chamber 
;$ Unloading chamber 
| Exhaust control mechanism 
:^ Transfer control mechanism 
<5 Gas control mechanism 

7 High frequency electricity control mechanism 
15 Substrate heating control mechanism 
9 Stage control mechanism 
[ 0 Laser radiation control mechanism 

11, 16 Tray 

12, 17 Glass substrate 
.3, 18 Stage 

A, 15 Laser radiation cylinder 
!l 9 Amorphous silicon film 
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